W hen scientists started identifying perchlorate in drinking water and food, the U.S. Department of Defense's use of perchlorate as an oxidizer in explosives, pyrotechnics, rockets, and missiles was thought to be largely responsible. Chilean nitrate fertilizer (CNF), which is used on some U.S. farms, was another likely source. But the breadth of contamination, sometimes at low levels and in areas without munitions or agricultural use of CNF, suggested that other sources might be responsible.
Last year, researchers at Texas Tech University (TTU) demonstrated that perchlorate generated naturally in the atmosphere or by surface oxidation might also be a significant contributor (Environ. Sci. Technol. 2005 , 39, 1569 -1575 . The question remained, however, as to the relative contribution of these three major perchlorate sources. (Although U.S. consumption of fireworks has been rising exponentially, their composition and perchlorate content vary greatly, making quantitative assessments of their contribution difficult.)
Document detectives
Purnendu "Sandy" Dasgupta, an analytical chemist at TTU, and colleagues set out to quantify historical perchlorate production figures and assess their likely contribution to the food chain. Because perchlorate is a strategic chemical and production figures could be used to deduce the number of missile-delivery rockets built, they soon found themselves playing "document detectives". In the end, they relied on figures from a U.S. Government Accountability Office document released after a 1988 explosion that destroyed one of the two main perchlorate production plants, which together accounted for 90% of the free world's ammonium perchlorate. They thereby estimated the total production from 1951 to 1997 to be 500 million kg-an annual production of ~10.6 million kg (Environ. Sci. Technol. 2006, 40, 6608-6614) .
Although processing methods in place since 2001 have reduced the perchlorate content of CNF to <0.01%, a U.S. Environmental Protection Agency (EPA) estimate found that the fertilizer contained 0.15-0.18% perchlorate before these changes (Environ. Pollut. 2001, 112, 299-302) . Dasgupta and colleagues used import statistics maintained by the U.S. Bureau of Mines from 1930 to 1993 and assumed an average perchlorate content of 0.2% to estimate that 0.75 million kg of perchlorate was present in the CNF imported every year during this period. (The 0.2% figure took into account earlier estimates that found higher proportions of perchlorate than the EPA study did.) Because arable land makes up only 18% of the total U.S. land area, perchlorate's effective impact on agricultural areas was estimated to be 4.2 million kg/yr.
Precipitation was assumed to be the primary mechanism by which natural perchlorate is deposited in soil, and the perchlorate concentrations in precipitation have been found to be ~100 ng/L (Environ. Sci. Technol. 2006 Technol. , 40, 1757 Technol. -1763 . Dasgupta and colleagues thus estimated a contribution of 0.64 million kg/yr from natural sources.
Policy implications?
The contribution of CNF perchlorate to the food chain has likely been comparable to that from oxidizer perchlorate, with natural production a lesser source, the researchers concluded. But, says Andrew Jackson, an author and environmental engineer at TTU, "you can't calculate actual exposures."
The authors made assumptions throughout their analysis in order to estimate the relative perchlorate contribution of these three sources, says the University of Georgia's Steve McCutcheon. His research has identified perchlorate in oher fertilizers. But, he says, "these calculations seem to be reasonable enough to help out in the policy debate."
Because Dasgupta and colleagues
Chilean fertilizer leaves perchlorate legacy
Research past and present raises the question: where does perchlorate enter the food chain?
(a) Rockets, explosives, and pyrotechnics are one source of perchlorate. (b) Chilean nitrate fertilizer, which was widely used in agriculture before synthetic fertilizers, is another source.
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PHOTODISC limited their analysis to three sources, however, they did not assess the contribution of potentially important perchlorate sources such as household and industrial bleach and disinfectants. "It is likely to be a fairly large number, as hypochlorite products are used widely in water purification and cleaning," says Neil Sturchio, a geochemist at the University of Illinois at Chicago. Bill Herz, the vice president of scientific programs at the Fertilizer Institute, raises other questions about the researchers' estimates. Historically, much of the imported CNF was used on nonfood crops, such as tobacco, he says, and currently it represents <0.1% of the commercial fertilizer market. "We don't eat food that was produced 40 years ago," he says.
Fertilizer has been shown to be an efficient vector for chemical uptake when it is applied to food crops. However, concerns about residual contamination after application has stopped might be overstated-at least in the case of CNF. "Perchlorate, being an anion, would not be retained by soils, which generally have a net negative charge, and would rapidly be leached from the root zone with irrigation water once the application of CNF was discontinued," says Charles A. Sanchez, a professor of soil, water, and environmental sciences at the University of Arizona.
Although it is possible that the perchlorate that washes out could be reintroduced through irrigation, drainage water is generally saline in the arid southwestern U.S. and is typically not reused. "Its presence for crop availability, and thus as a source for food exposure, would diminish in near-real time," he says. However, because perchlorate is relatively stable in the environment, it could remain in the drainage water for years.
Ultimately, isotopic measurements will "allow greater confidence to be placed on estimates of different perchlorate source contributions in the food chain," says Sturchio. Scientists have already distinguished between natural and synthetic perchlorate extracted from contaminated groundwater and surface water, with a precise analytical technique that identifies differences in isotopic ratios ( Although EPA has not set a drinking-water standard for perchlorate, some states are considering adopting their own. This summer, Massachusetts became the first state to do so. Since July 28, the Massachusetts Department of Environmental Protection requires most public water systems to regularly test for perchlorate and sets the state's drinking-water standard at ≤2 ppb of perchlorate.
The U.S. Food and Drug Administration has not set any perchlorate standards either, but the agency has widened its analysis of perchlorate in food commodities from areas with known contamination to include products from other regions of the country. a -Vida Foubister
